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This invention relates to certain new and useful
improvements in a temperature controlling sys-
tem, more particularly to a system in which the
temperature within a confined space is main-

8 tained both by delivering selectively heated air
into the space and by transmitting heat directly
to the air already within the space.

According to this invention air drawn partly
from within the space and partly from outside
the enclosed space is forced through a conduit
in contact with a radiator or other heat-trans-
mitting device and then delivered through suit-
able outlets into the space to be heated. In the
case of a railway car to which this system is par-
ticularly applicable, these outlets are preferably
situated at intervals throughout the length of the
car and adjacent the roof. In addition, & radi-
ator is positioned directly within this space, in
the case of a railway car this radiator extending
from end to end of the car adjacent the floor so
as to heat that portion of the air within the
space that would not be properly affected or dis-
placed by the air delivered into the space from
the conduit. As a result a.substantially uniform
temperature will be maintained throughout the
space.
air stream is regulated by a thermostat posi-
tioned within the conduit and controlling a valve
which admits heating medium to the conduit-
-30° radiator. In a similar manner a thermostat posi-
tioned within the portion of the space directly
heated by the floor radiator controls a valve
which admits heating medium to the floor radi-
ator. In order to selectively adjust the tempera-
tures maintained within the space, each thermo-
stat is provided with an auxiliary electric heating
element whereby a certain amount of additional
heat may be applied to the thermostat to change
or regulate the temperature at which the thermo-
40 Stat will function. It is desirable that the tem-
peratures maintained at the two radiators be the
‘same or at least similarly coordinated, and means
are provided to simultaneously adjust the auxil-
jary heat applied at each thermostat so that the
temperatures will be similarly regulated.

In order that the temperature variation of the
air stream within the conduit may be maintained
- within as narrow limits as possible, it is desirable
to maintain a substantially constant output of

heat from the conduit radiator and in order to
accomplish this result this radiator should be
maintained partially filled with steam or other
heating medium to the extent necessary for the
desired heat output. Automatically acting means
are provided to apply additional auxiliary heat to
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The temperature of the first mentioned.

(Cl. 236—68)

the conduit-thermostat immediately the valve is
opened so that the thermostat will act to quickly
close the valve. In this way only a short spurt
of steam will be admitted to the radiator. When
the system is cold the thermostat and valve will
cycle rapidly, that is a rapid succession of spurts
of steam will be admitted to the radiator, but as
the desired temperature is approached within the
conduit the intervals between the spurts of steam,
when the valve is closed, will increase in length,
until short bursts of steam are admitted to the
radiator only at sufficiently separated intervals
to maintain the desired radiator temperature.

On the other hand, it-is essential that the floor

radiator be substantially filled with steam since
this radiator extends throughout the length of
the car or other space to be heated and if only
partially filled the heating would be undesirably
localized. Accordingly, the valve admitting steam
to this radiator is so controlled that it will be
opened and closed at more widely separated in-
tervals. Automatic means is, however, provided
for somewhat expediting the closing of the valve,
that is for cutting off the admission of steam
before the desired floor temperature is actually
reached, since there is & certain lag in the re-
sponse of the controlling thermostat and heat
stored in the radiator will be transmitted after
the flow of heating medium has been cut off.

The principal object of this invention is to pro-
vide an improved temperature controlling system
of the type briefly described hereinabove and dis-
closed more in detail in the specifications which
follow.

Another object is to provide an improved ineans
for rapidly cycling the operation of a thermostat
and valve for controlling the admission of steam

to a radiator so as to maintain the radiator par-

tially filled at a desired level. .

Another object is to provide means for simul-
taneously admitting heated air to a space and
heating the air within the space and coordinating
the temperatures maintained throughout the
space.

Another object is to provide improved means
for selecting the f{emperatures to be maintained
within the space.

Other objects and advantages of this invention
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will be more apparent from the following de-

tailed description of one approved form of appa-
ratus constructed and operating according to the
principles of this invention.

The accompanying drawing is a wiring dia-
gram, showing the principal objects of the heat-
ing system diagrammatically.
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The conduit A has an inlet | leading from the
outer air through which fresh air is admitted,
and & second inlet 2 through which air may be
withdrawn or returned from the space being
heated. The proportions of air drawn from the
two sources (and thereby the percentage of fresh
air used) may be determined by the adjustment
of the valves indicated at 3 and 4 respectively.
This air is forced by the fan or blower B past and
in contact with the radiator or similar heat trans-
mitting device C and is delivered into the space

through the several outlets 5, 6 and 1. It will be .

understood that these outlets may be distributed
as desired and in the case of a railway car will
be located at suitable intervals throughout the
length of the car and usually near the roof. The
temperature of the air stream delivered from
conduit A will be regulated by the thermostat
indicated generally at D which, through relay
E controls the valve F' which regulates the flow

of steam or other heating medium to the

radiator C.
The blower B may be driven by the motor
8 energized through the following circuit: From

positive main 9 through wire {{, motor 8, and -

wire 12 back to negative main 0. It will be
understood that any suitable cut-out switch may

- be provided in this circuit, or the blower may
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be automatically cut into and out of circuit
along with the control mechanism hereinafter
described. .

The valve F is of well known type comprising
a casing (3 containing a plurality of valve cham-
bers which are selectively connected by a par-
tially rotatable member controlled by the inter-

.mediately pivoted lever 14. When this valve is

in the closed position shown in the drawing,
steam from the source of supply will enter cas-
ing 13 through pipe 15 and will immediately flow

out again through pipe 16 back to the vapor-

regulator or source of supply. When lever 14
is swung in a counter-clockwise direction to a
similar position with its lower end inclined toward

. the right, the steam from the source of supply
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will flow into the casing through pipe 15, thence
through pipe 11 into radiator C, and the steam
and condensate will flow back from the radiator
through pipe 18 to valve casing {3 and thence out
through pipe 16. The valve is moved from cpen
to closed position or vice versa by the solenoid
motors 19 and 20 provided respectively with the
cores 21 and 22 connected by stem 23 having
an intermediate yoke 24 engaging one arm of the
cperating lever 14, When solenoid {9 is ener-
gized it will draw in core 21 and swing the lever
14 to the position shown in the drawing which
closes the valve. When solenoid motor 20 is
energized, the lever 14 will be swung in the op-
posite direction to open the valve. The upper
end of lever i4 has a connection at 25 with a
snap switch 26 comprising a movable contact
27 adapted to engage alternatively with the
two fixed contacts 28 and 29.

The relay E comprises a solenoid coil 30 which
is normally energized over the following circuit:
From positive main 9 through wire 31, resistance
32, wire 33, coil 30, wire 34, resistance 35, and
wire 36 to the negative main 10. When solenoid
coil 30 is thus energized it will draw up the core
31, which through stem 38 lifts the contact plate
39 into engagement with the pair of fixed con-
tacts 40 and 41. When the coil 30 is deenergized,
the contact plate 39 will drop into engagement
with a second pair of fixed contacts 42 and 43.

The thermostat D is of the well known mer-
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cury-column type comprising a lower fixed con-
tact 44 which is always in engagement with the
mercury column 45 and an upper contact 46
which will be engaged by the mercury column
at a certain predetermined maximum tempera-
ture. When this temperature is reached, a cir-
cuit will be completed to short-circuit and thus
deenergize the relay coil 38, this circuit being
as follows: From one terminal of coil 30 through

wire 41, fixed contact 44, mercury column 45,
" contact 46, and wire 48 to the other terminal of

the relay coil. As shown in the drawing, the
required temperature has been reached and the
relay is deenergized.

When the temperature of the air stream passed
through conduit A falls below the desired tem-
perature, the mercury column 45 will break con-
tact with fixed contact 46 and the shunt eircuit
last described will be broken so that relay E
will again be energized so as to lift contact 39
into engagement with the upper pair of fixed
contacts 40 and 41, An energizing circuit for
valve F will now be completed as follows: From
positive main 8 through wire 49, relay contacts
41, 39'and 40, wire 50, solenoid coil 20, wire 5i,
snap switch contacts 29 and 21, and wire 52 to
the negative main 10. Motor 20 will now shift
lever 14 to its other position so as to open the
valve F and permit a flow of steam to the radiator

- C. When the temperature of the air stream in

the conduit has again been raised to the desired
level, the shunt circuit through the thermostat
D will be reestablished thus deenergizing the re-
lay coil 30 and permitting contact 39 to drop
to the position shown in the drawing. This will
establish the following valve-operating circuit:
From main 9 through- wire 49, relay contacts 43,
39 and 42, wire 53, solenoid coil 19, wire 54, snap
switch contacts 28 and 271 (the snap switch was
moved to its opposite position at the completion
of the valve-opening operation), and wire 52 to
the negative main (0. This will shift the valve
back to the position shown in the drawing and
close the valve to cut off the further flow of
steam to the radiator.

The thermostat D is provided with an auxiliary
heating element indicated at 55, usually in the
form of an electric resistance coil wrapped around
or closely associated with a portion of the ther-
mostat. If the thermostat is so constructed that
it will normally function at a temperature of, for
example, 80° Fahrenheit (that is mercury col-
umn 45 will engage fixed contact 46 at 80°), and
current of sufficient strength is passed through
coil §5 to add 5° of heat to the thermostat, it
will be apparent that the thermostat will now
function at an atmospheric temperature of 75°
since the response of the thermostat to the tem-
perature of the air plus the five additional de-
grees of heat added by coil 55 will cause thie mer-
cury column to engage the fixed contact 46. It.
will thus be apparent that by adjusting the
strength of the current passed through coil 55
the temperature at which the thermostat will
function may be readily adjusted within certain
limits. )

At G is indicated a manual selecting switch
for determining the temperature at which ther-
mostat D (as well as thermostat D’ hereinafter
described) will function. As here diagrammati-
cally shown this control switch comprises an op-
erating knob 56 by means of which an intermedi-
ately pivoted lever may be swung in a clock-
wise direction about the center 57 from the posi-
tion shown in the drawings. This lever com-
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prises a central portion 58 of insulating material
and a metallic conducting end portion 59 adapted
to engage the arcuate contact 60 as well as any
one of the fixed contacts 61, 62, 63 and 64. In
the initial position shown in the drawing, with
member 59 resting on contact 61 which has no
electrical connection, there will be no energizing
circuit for heating element 55 of the thermostat

and the thermostat will function normally at 80°. .

1£ the lever 59 is swung in a clockwise direction

‘until it simultaneously engages the arcuate con-
tact 60 and fixed contact 62 the following ener-:

gizing circuit for heating element §5 will be com-
pleted: From positive main 9 through wires 65
and 66, contact 60, lcver 59, contact 62, wire 67T,
resistance 68, wires 69 and 710, heating coil 55,
and wire T1 back to the negative main 10. Re-
sistance 68 will be so selected that the current
flowing through heating coil §5 will produce 5°
of heat at the thermostat and the thermostat
will now function at 75°. Similarly, if the lever
is swung over so as to engage simultaneously the
arcuate contact §0 and fixed contact 63, a similar
energizing circuit containing the resistance T2
will be completed. This resistance is somewhat
smaller than resistance €8 so that a larger current
will flow through the heating coil 88 and the
thermostat will now function at 70°. A third al-
ternative circuit containing the still smaller re-
sistance 13 is completed when the lever is moved
to engage contact 64, and it may now be assumed
that the thermostat will function at 65°. It will
be understood that the temperatures here stated
are merely assumed by way of example and that
any desired temperatures may be selected.

It will be noted that a fourth resistance is in-

» dicated at 74. When valve F is moved to its open
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75 tain the radiator partially full of steam and at a_

position, relay contact plate 39 will be in en-
gagement with the upper pair of contacts 41 and
40, and at this time another circuit will be com-
pleted as follows: From positive main 9 through
wire 49, relay contacts 41, 39 and 40, wire 15, re-
sistance 14, wire €9, and as before through coil
55 and back to the negative main. Assuming
that resistance 68 has previously been selected for
the heater circuit and the thermostat is set to
function at 75°, as soon as the valve is opened the
resistance T4 is thrown in parallel with resistance
68, and resistance 14 is so selected that the total
resistance in the heater circuit will be greatly
diminished thus greatly increasing the current
through heating coil §8 so that the thermostat
column 45 will again be quickly lifted into engage-
ment with the fixed contact 46. This will again
close the valve F very soon after it has been opened
so that only a short spurt or burst of steam is ad-

mitted to the radiator C. If the system is just

being started in cold weather and the tempera-
ture of the air delivered through conduit A is
still far below 75°, the mercury column 4% will
coon fall out of engagement with fixed contact 46
since resistance T4 is again cut out of the circuit
as soon as the valve F is closed, the circuit
through resistance 14 being broken between re-
lay contacts 39 and 40. As & result the thermo-
stat D and valve F will cycle or go on and off
rapidly, a series of bursts of str.am being admitted
to the radiator C. As the temperature of the
air stream approaches the desired level, the mer-
cury column 45 will not fall as rapidly as before
and the intervals between the bursts of steam will
be increased in length. Finally a condition will
be reached where only periodic bursts of steam
are admitied to the radiator C, enough {o main-

3

temperature sufficient to deliver air at 75° through
the outlets 5, 6 and 1. Of course the actual tem-
perature in radiator C will be considerably higher
than the temperature of the air stream, but the
radiator temperature will be so adjusted in this
manner that the desired air stream temperature
will be maintained substantially constant. In
order to properly meet all conditions, the radi-
ator C must have a capacity such that if it were
completely filled with steam it would heat the

10

air stream to -an excessive temperature under .

ordinary conditions. The cycling system just de-
scribed permits the radiator to be maintained in
such a partially filled condition that it will satisfy
the heat requirements at all times.

The floor radiator H consists of a series of pipe
lengths suitably connected so as to reach into all
of the portions of the space which this radiator
is to heat. As usual in railway cars this radiator
runs the length of the car adjacent the floor.
The ends of the pipe loops are connected with
valve ¥’ which functions in all respects the same
as the valve F previously described. The thermo-
stat D’ which controls the heat output from floor
radiator H may be in all respects the same as the
overhead heat thermostat D, but thermostat D’
is preferably located in the lower portion of the
car or in that portion of the space that is directly
heated by radiator M. Thermostat D’ controls
valve F’ through relay E’ in the same manner
as has already been described in connection with
the unprimed elements.

" The thermostat D’ is provided with an auxiliary
heating coil 55°, and the upper end portion of
selector switch G is adapted to simultaneously
make a selection between the resistances 68’ and
12’ and 13’ in the energizing circuit for heater
55’ so that the same or a similar temperature
correction will be made for thermostat D’ as is
made for thermostat D. Ordinarily it will be de-
sirable to maintain the same temperature at
both thermostats, that is the air delivered.into
the upper portion of the space should be sub-
stantially the same temperature as the air in the
lower portion of the space as heated by radiator
H. If a certain differential between these tem-
peratures is found to be desirable this may be
easily adjusted by suitably selecting the thermo-
stat setting or changing the values of the re-
sistances used in the energizing circuits. In gen-
eral, however, it is desirable to coordinate the
temperatures maintained ‘in the overhead air
stream and the lower portion of the space as
heated by radiator H, and consequently the auxil-
iary heaters are simultaneously adjusted by
means of the selector G.

There is, however, a substantial difference in
the functioning of the resistance 14" (which is
placed in parallel with one of the resistances €8’,
72’ or 13’ when valve F’ is open) and the opera-
tion of resistance 14 as already described. The
floor radiator H cannot be successfully operated
on the partial filling principle since this radiator

'is of considerable length and ‘if only partially

filled the heat wiil be localized in one portion of
the radiator and other portions of the space
would not.be benefitted thereby. It is therefore
desirable to cperate valve F’ at greater intervals
than valve P, the radiator H being first complete-
ly filled with steam, and then the steam supply
is cut off when the desired temperature is reached
and the steam permitted to condense throughout
the length of the radiator until more steam is re-
quired. However, if we permitted the steam
to flow into radiator H until the desired tempera-
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ture (for example 75°) was reached at thermo-
stat D’ the required floor heat would be exceeded

‘since there is a certain lag in the functioning of
the thermostat. That is, sufficient heat will be .

stored up in radiator H at the time the valve F”
is closed to continue heating the air so that an
excessive temperature (for example 76° or 77°
might be reached at the thermostat D’ before the
temperature becomes stabilized or starts to fall.
For this reason it is desirable to close the valve
¥’ somewhat before the desired temperature is
reached at' thermostat D’.' The resistance 14’ is
thrown in parallel with the selected resistances
68’, 72’, or 13’ as soon as vaive F’ opens with
the result that the heat imparted from auxiliary

heater 55’ will be slightly increased while the -

valve is open and the temperature at which ther-

' . mostat D’ functions is slightly lowered, enough
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to offset the “over-shooting” that would result’

from the heat stored up in radiator H.

It will thus be seen that while the control ele-
ments used in connection with both the overhead
and floor heat are much the same, the function-
ing is quite different and considerably different
results are reached due simply to the difference
in the values of resistances 14 and 74’. Re-
sistance T4 is so selected that the auxiliary heat
will be greatly increased immediately valve P is
opened so as to almost immediately cause the
valve to again be closed, whereas resistance 14’ is
So selected that the auxiliary heat applied to
thermostat D’ will only be slightly increased and
the valve will remain open for a considerable
length of time, but will however be closed soon
enough to prevent the eventual exceeding of the
desired temperature at thermostat D’. :

We claim: .

1. In combination, means to transmit heat to
a body of air, ‘a valve controlling the flow of heaf-

-ing medium to the transmitting means, means for

momentarily opening and immediately thereafter
closing. this valve comprising a thermostat re-
sponding to temperature changes in the body of
air and functioning to open the valve whenever
this temperature falls below a predetermined
minimum, an electri¢ heating element associated
with the thermostat, an energizing circuit for

the heating element, manually operable variable

. resistance means in said circuit for determining

50

the amount of auxiliary heat normally applied

: to the thermostat and.thereby determining the

58

value of the minimum temperature at which the

thermostat functions, and means automat;ically
operated simultaneously with the opening of the
valve for immediately decreasing the resistance
in the circuit while the valve is open and restor-

- ing the resistance to its manually set value while
the valve is closed whereby the auxiliary heat
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will be greatly increased only while the valve is -

open. .
2. In combination, means to transmit heat to
& body of air, a valve controlling the flow of heat-
ing medium to the transmitting means, means
for momentarily opening and immediately there-
after closing this valve comprising a thermostat
responding to temperature changes in the body
of air and a circuit closed by the thermostat at a
Dredetérmined maximum temperature to effect
the closing of the valve, the valve being opened
whenever the temperature at the thermostat falls
below this maximum, an electric heating element
associated with the thermostat, an energizing cir-
cuit for the heating element, manually operable
variable resistance means in this circuit for de-
termining the amount of auxiliary heat normally

2,234,288

applied to the thermostat and thereby determin-
ing the value of the maximum temperature at
which the thermostat functions to close the valve,
and means automatically operated simultaneous-
Iy with the breaking of the thermostat circuit and
the opening of the valve for decreasing the re-
sistance in the energizing circuit whereby the

auxiliary heat will be sufficiéntly increased to -

promptly restore the maximum temperature and
close the valve said latter means restoring the
manually set resistance value as soon as the valve
is closed.

3. In combination, a conduit, a radiator in said

conduit, means to force an air stream through the -

conduif in contact with the radiator, a valve to
control the flow of steam to said radiator, elec-
trically operated means for opening and closing
the valve, a thermostat in the conduit and re-
sponsive to changes in the temperature of the
heated air stream, a control circuit closed by the
thermostat at a predetermined maximum tem-
perature to cause the valve-operating means to
close the valve, the valve being opened whenever
the temperature at the thermostat falls below this
maximum, and means controlled by the thermo-
stat for immediately applying auxiliary heat di-
rectly to the thermostat simultaneously with the
the opening of the valve to promptly restore the
maximum temperature at the thermostat and
thereby: close the valve, so that the valve is only
opened momentarily to permit a restricted flow
of steam to the radiator insufficient to fill the
radiator, the lengths of the intermediate closed
intervals increasing as the temperature of the
heated air stream approaches the desired tem-
perature at which the thermostat is designed to
function.

4. In combination, a conduit, a radiator in said
conduit, means to force an air stream through
the conduit in contact with the radiator, a valve
to control the flow of steam to said radiator, elec-
trically operated means for opening and closing
the valve, a thermostat in the conduit and re-
sponsive to changes in the temperature of the

" Heated air stream, a control circuit closed by the

thermostat at a predetermined maximum tem-
perature to cause the valve-operating means to
close the valve, the valve being opened whenever
the temperature at the thermostat falls below
this maximum, an electric heating element as-
sociated with the thermostat, an energizing cir-
cuit for the heating element, manually operable
variable resistance means in this eircuit for de~
termining the amount of auxiliary heat normally
applied to the thermostat and thereby determin-

ing the value of the maximum temperature st

which the thermostat functions to close the valve,
and means automatically operated simultaneous-
ly with the opening of the valve for decreasing
the resistance in the energizing circuit whereby
the auxiliary heat will be sufficiently increased to
promptly restore the maximum temperature and

‘close the valve so that the valve is only open.

momentarily to permit a restricted flow of steam
sufficient to fill the radiator. )

5. In combination, a radiator to transmit heat
to a body of air, a valve controlling the flow of
heating medium to the radiator, electrically op-
erated means for opening and closing the valve,

a thermostat responding to temperature changes 7
“in the body of air, a control circuit closed by ‘the

thermostat at a predetermined maximum tem-

Pperature to cause the valve-operating means to

close the valve, the valve being opened whenever
the temperature at the thermostat falls below
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this maximum, an electric heating element as-
sociated with the thermostat, an energizing cir-
cuit for the heating element, manusally operable

variable resistance means in this circuit for de-

termining the amount of auxiliary heat normally
applied to the thermostat and thereby determin-
ing the value of the maximum temperature at
which the thermostat functions to close the valve,

and means automatically operated simultaneous-

1y with the opening of the valve for decreasing
the resistance in the energizing circuit whereby
the auxiliary heat will be sufficiently increased to
promptly restore the maximum temperature and
close the valve so that the valve is only open
momentarily to permit a restricted fiow of steam

* insufficient to fill the radiator.

WILLIAM M. SMITH
TIMOTHY -J. LEHANE.




